ABSTRACT. Studies have shown that the mean or median phosphate levels were related to certain factors although applying this finding into the clinical setting is challenging. In this study, we attempted to determine treatment characteristics for patients with end-stage renal disease (ESRD) on maintenance hemodialysis (MHD) having hyperphosphatemia or hypophosphatemia in comparison with those with normal phosphate level. This was a cross-sectional survey conducted at HD units of Central Pahang Cluster Hospitals, Malaysia, in April 2017 involving 110 ESRD patients on MHD. About 40% of the study patients had normo-or hyperphosphatemia. As many as 84.5% (n = 93) of our patients were prescribed calcium carbonate (CC); the phosphate level was not affected by phosphate binder (PB) adherence. None of our patients received more than one type of PBs. Although there were no significant differences in any factors between normo-and hyperphosphatemic patients, 64% (n = 28) of the hyperphosphatemic patients did not receive the recommended maximum PB dose. In addition, 42% (n = 30) of patients with normo-and hyperphosphatemia prescribed CC received more than the recommended daily elemental calcium. On the other hand, our hypophosphatemic patients tended to be significantly older and had lower HD duration compared to normophosphatemic patients. No other significant differences were found in medication factors between normo-and hypophosphatemic patients. There is potential to maximize phosphate control in hyperphosphatemic patients in Malaysia by maximizing PB therapy. On the other hand, proactive supervision is required in caring and prescribing for hypophosphatemic patients, especially the older patients.
phatemia. Hyperphosphatemia can lead to detrimental effects such as cardiovascular calcification, renal osteodystrophy, secondary hyperparathyroidism, 2 and increased mortality. 4 Management of hyperphosphatemia involves both lifestyle factors such as diet low in phosphorus and use of medication called phosphate binders (PBs). 5, 6 Several PBs have been used for the management of hyperphosphatemia including calcium carbonate (CC), lanthanum carbonate (LC), and sevelamer hydrochloride (SH). 7, 8 The use of aluminum hydroxide is less favored due to its side effects. 8 In Malaysia, CC is still the main PB used in the management of hyperphosphatemia. 9 However, overdependence on CC might pose some threats toward patient's health such as cardiovascular calcifications. 7, 8 In addition, success of treatment also depends hugely on adherence to PBs, [10] [11] [12] despite its inconsistency when it is measured using selfreport, medication possession ratio (MPR), or medical electronic monitoring system. 10, [12] [13] [14] Similarly, hypophosphatemia tends to occur in the elderly and is also associated with mortality in patients older than 65 years. 4 Existing studies have described the occurrence of phosphate abnormalities among MHD population 4, 13, 15 along with its association with mortality across different age groups 4 and factors influencing PB adherence or phosphate control. [10] [11] [12] [13] Although treatment for phosphate abnormalities is evolving in developed countries, [10] [11] [12] [13] studies investigating management of phosphate derangement among ESRD patients in Malaysia on MHD are still lacking.
Existing studies also tend to pool subjects with hypo-, normo-and hyperphosphatemia together, and predictably, the mean or median phosphate levels have shown significant associations with certain factors such as PB adherence, 10, 11 age, 12, 13 and PB pill burden. 13 However, applying these findings into clinical practice is still challenging, given the nonexistence of studies that investigated the roles of these factors in hypo-or hyperphosphatemia in comparison to normophosphatemic patients. Using normophosphatemic patients as a reference, when studying phosphate abnormalities among ESRD patients, pharmacists and clinicians are provided with greater insight into factors influencing phosphate control.
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Aim
The aim of this study is to determine treatment characteristics for patients with hyperphosphatemia and hypophosphatemia in comparison to those with normal phosphate level as a reference among ESRD patients on MHD.
Methods
This cross-sectional survey utilized convenience sampling technique and was conducted in April 2017 at three HD units of Central Pahang Cluster Hospitals, Malaysia. It comprises three different hospitals from different localities. However, all patients from cluster hospitals were managed by the same consultant nephrologist and medical officers. The inclusion criteria were that the patients must be older than 25 years, had at least 80% HD sessions attendance in the past three months and did not miss the last nephrologist's follow-up, received 4 h HD thrice weekly, have been on HD treatment for a minimum of three months before the study, and received PB therapy. Patients with language barrier, who refused to participate, or having mental illness and speech and hearing disabilities were excluded from the study. Among the investigated PBs in this cohort were CC, LC, and SH.
Based on a previous study, the prevalence of use of CC among HD patients was found to be around 87%. 9 Using available sample size calculator, the estimated sample size needed was 174 participants, to produce precision of ±0.05. This survey was conducted once the respondents' written consent was obtained and we allocated between 15 to 30 min to conduct survey for each participant. We used the Malaysian Medication Adherence Scale to assess adherence to PBs. It consists of eight questions with a total mark of eight. 16 Participants who scored between six and eight and less than six were categorized as "adherent" and "nonadherent," respectively. 16 Information related to blood parameters, age, and medication was extracted from the patients' medication records. Blood analysis for phosphate was obtained by the nurses 1 week before the survey The pill burden of PBs was defined by the total daily PBs taken by the patients. 13 Simple categorization was used to determine the maximum PB dose for each patient. For instance, maximum daily elemental calcium from CC was set at 1500 mg as suggested by the Kidney Disease Outcomes Quality Initiative (KDOQI). 17 Their elemental calcium from CC was calculated using the formula: Elemental calcium from CC = Current dose (in gram, g) × 0.4 For LC and SH, maximum daily doses were set at 4.5 and 13 g, respectively.
7 Those patients with PB dose lower than the maximum dose were classified as not achieving maximum dose.
It was also intended to measure achievement to maximum dose for each PB used among normo-and hyperphosphatemia patients. 
Ethics approval
This study was approved by the Medical Research Ethics Committee with NMRR ID: NMRR-17-101-34100 (IIR)
Statistical Analysis
Analysis was undertaken using the Statistical Package for the Social Sciences (SPSS) for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA). Chi-square test or likelihood ratio was used for analysis between categorical variables. Mann-Whitney U-test was used to determine relationships for scores between categorical and continuous nonparametric variables. Continuous variables were expressed as median with interquartile range (IQR). P <0.05 was considered statistically significant.
Results
A total of 113 of the 132 patients approached agreed to participate in the study (response rate, 85.6%). Three patients aged younger than 25 years were excluded from the analysis, hence giving a total sample of 110 participants with precision of ±0.06.
Comparison of characteristics between normo-and hyperphosphatemic patients
In terms of demographics, the occurrence of normophosphatemia was not statistically different to hyperphosphatemia between genders and HD duration. However, we observed that hyperphosphatemic patients tended to be younger, and the median age was 46 years (IQR, 26.8), compared to those with normal phosphate level, median 57.8 (IQR, 17.3), P = 0.019. They also tended to start MHD early, median age 38 years (IQR, 24.7), compared to median 50.8 (IQR, 17.9), in patients with normal phosphate level, P = 0.005. Despite this, the occurrence of hyperphosphatemia was not statistically significant compared to normophosphatemia across the three age groups of 25-44, 45-64, and ≥65 years. In terms of medication used, the two groups differed significantly (χ 2 = 6.161, df = 1, P = 0.013), although other factors such as PB adherence, daily dose frequency, and PB pill burden did not influence the differences between normo-and hyperphosphatemia significantly ( Figure 1 ). Data are shown in Table 1 . As shown in Figure 2 , we noticed that achievement for "percentage to maximum dose" for "other" PBs, namely SH and LC with median of 44.4% (IQR, 48.2) was significantly low compared to CC, median 80% (IQR, 66.7) among subgroups of normoand hyperphosphatemic patients. 
Comparison of characteristics between normoand hypophosphatemic patients
In terms of demographics, the occurrence of hypophosphatemia was statistically different to normophosphatemia between genders (χ 2 = 4.400, df = 1, P = 0.036). HD duration was significantly shorter in hypophosphatemic patients, median 41 months (IQR, 53), compared to normophosphatemic patients, median 70 months (IQR, 64), P = 0.016. We observed that hypophosphatemic patients tend to be older, median age 66.0 years (IQR, 12.3), compared to those with normal phosphate level, median age 57.8 years (IQR, 17.3), P = 0.004. This observation persisted even after age was regrouped into three categories (χ 2 = 13.835, df = 1, P = 0.001). Hypophosphatemic patients also tended to start MHD later, median age 61.6 years frequency and PB pill burden. Data are shown in Table 2 .
Discussion
In the current study, age-range of >25 years selected for analysis was in accordance with guidelines provided and previous available study that investigated mortality in HD population. 4 Overall, as many as 40% of our patients had normal phosphate range, which was very similar to 36% among patients in the UK. 15 In terms of hyperphosphatemia, our figure was similar to 41% found in another large study involving 5262 patients across different countries in the Dialysis Outcome and Practice Pattern Study.
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Malaysia is a developing country with financial constrains reflected by high use of calcium-based PB compared to some developed countries that have shifted toward use of non-calcium based PBs such as SH and LC. 4, 10, 13 One of the benefits of non-calciumbased PBs is the reduction of mortality among MHD patients, 18, 19 even though a review of literature has shown rather mixed effect with regard to mortality and vascular calcification. 8 The percentage of our patients prescribed with CC was similar to 87.8% in another study conducted in an urban region of Malaysia. 9 In general, this figure was higher than 10%-37% in developed countries. 10, 11, 13 Similar to previous studies, 13, 20, 21 it was found that adherence among our patients was not related to phosphate level. On the contrary, even though the lower phosphate level observed in the older patients was due to decreased tubular absorption compared to the younger patients, 22 studies using both MEMS and questionnaires have shown that good adherence played an important role in attaining good phosphate control among ESRD patients of any age. [10] [11] [12] These variations [10] [11] [12] [13] 21 have made interpretation and application of assessment of adherence into clinical practice rather difficult. Inconsistent data raised concern for factors such as over-or underestimation of patient's adherence behavior when questionnaire and MPR are used for assessment of adherence. 23, 24 Overestimation of adherence by patients might jeopardize treatment via unnecessary treatment intensification such as dose increment and introduction of new drug by health-care practitioners. 23 On the other hand, prescribers' refusal to alter treatment regimen based solely on underestimation of patient's adherence despite the contrary might compromise patient's well-being resulting in their early demise. Physicians' overestimation of patient's adherence toward their medication can also pose some problems. For instance, studies among HIV patients showed that physicians' estimation of patient's adherence was not always accurate and adherence overestimation could result in unnecessary ordering for resistance testing. 25, 26 Even though risk of over-or underestimation of patient's adherence does occur, the current findings related to PB adherence and phosphate level must be looked from different perspectives due to variations in treatment approaches within our setting compared to the developed countries. 10, 11, 13 Several factors such as treatment adequacy and suitability must be taken into consideration when caring for hyperphosphatemic ESRD patients in Malaysia or any other settings with limited treatment options. Contrary to another study abroad, 13 our median PB pill burden was only six. Apparently, none of our patients received more than one type of PB compared to 13% to 32% in patients abroad, 10, 11, 13 even though this practice is warranted in those with uncontrolled hyperphosphatemia. 17 Due to this limitation, the maximum amount of PB pill burden to control phosphate level in both normal and hyperphosphatemic patients in the current study logically did not materially differ. The lack of significant difference between patients with normal and hyperphosphatemia in terms of PB pill burden might indicate that our hyperphosphatemic patients received suboptimized treatment for their condition. This is strengthened by the fact that almost 64% of our hyperphosphatemic patients did not receive maximum dose of therapy with PB recommended for their condition and those receiving LC and SH were mostly affected since they only received a median of 44.4% of the maximum studied daily dose.
Second, use of PB such as aluminum hydroxide has been abandoned at our hospitals even though it is a beneficial drug if used properly. 17 Third, it was observed that as many as 42% of our normo-and hyperphosphatemic ESRD patients who were treated with CC were receiving more than 1500 mg elemental calcium per day which was higher than recommended by KDOQI guideline. 17 Due to this finding, it is vital that evaluation related to CC usage in our HD patients is done regularly in order to prevent complications such as vascular calcification. 7, 8 Finally, despite higher phosphate levels in younger patients, the possibility of any ESRD patients developing hyperphosphatemia was not different from those with normal phosphate levels, which might be reflected by the fact that mortality was similar across any agegroup with hyperphosphatemia. 4 Hence, instead of overemphasizing on control of hyperphos-phatemia among younger ESRD patients, 15 this issue must be tackled equally in any ESRD patient regardless of age.
Similar to normo-and hyperphosphatemic patients, we found that our hypophosphatemic patients did not differ from those with normophosphatemia. However, lower phosphate level was found in older patients among sub-groups of normal and hypophosphatemia ESRD patients on MHD. It is hypothesized that PB pill burden would at least be significantly different between normo-and hypophosphatemia groups. However, it was not observed in the current study. Hence, the concern is the possibility of overprescribing PBs in hypophosphatemic patients, especially the elderly, because they are already at risk of hypophosphatemia due to physiologically decreased phosphate absorption. 22 Overprescribing PBs might only exacerbate hypophosphatemia among older ESRD patients due to their capacity to reduce phosphate absorption further. 7, 8, 27 In contrast to hyperphosphatemic patients, the occurrence of hypophosphatemia was significantly different in normophosphatemic patients across different age groups, indicating its seriousness. The current study also found shorter dialysis duration among hypophosphatemic patients compared to those with normal phosphate level, raising suspicion for lower life expectancy among hypophosphatemic patients in Malaysia. This observation certainly calls for the evaluation of management of hypophosphatemia, especially the elderly, due to the fact that hypophosphatemia has been found to cause higher mortality among older ESRD patients compared to the younger patients. 4 
Strength and Limitations
This was the first study to investigate and highlight phosphate control and its treatment characteristics in Malaysia and as such looking at PB therapy. However, this study has several limitations. First, the sample size was slightly smaller than expected and hence less precise due to resources constraint. Besides, we only recruited ESRD patients from the hospital setting while excluding those from private HD centers and focused on a single race. The study was also conducted in one particular region of Malaysia, which may hinder generalization.
Conclusions
Despite dependency on CC and limited use of newer PBs, the percentage of our patients with controlled phosphate level was similar to those from developed countries. This could be an indication that has potential to further maximize phosphate control among ESRD patients on MHD from Malaysia or other developing countries. Aside from that, it is of importance to emphasize that high adherence in the face of inadequate dose or treatment will only compromise ability to attain ideal target biomarker such as phosphate level. Finally, we need a higher supervision and regular monitoring regarding use and need of PB in hypophosphatemic patients, especially the elderly, because they are already at high risk of developing hypophosphatemia.
